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Abstract
Talk based on work entitled “Yukawa textures, new physics and
nondecoupling,” done in collaboration with G. C. Branco and J. I. Silva-
Marcos, arXiv:hep-ph/0612252, to appear in Phys. Rev. D. In this
work we pointed out that New Physics can play an important roˆle
in rescuing some of the Yukawa texture zero ansa¨tze which would
otherwise be eliminated by the recent, more precise measurements of
VCKM . We have shown that the presence of an isosinglet vector-like
quark which mixes with standard quarks, can render viable a partic-
ularly interesting four texture zero Yukawa ansatz. The crucial point
is the nondecoupling of the effects of the isosinglet quark, even for
arbitrary large values of its mass.
1 Introduction
There have been many attempts at understanding the pattern of quark and
lepton masses as well as mixing, including the addition of family symme-
tries and the introduction of special textures for the Yukawa couplings. The
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underlying idea is that such models could be derived from grand unified
models, or possibly models with extra dimensions, and be related to special
symmetries.
The recent experimental discovery of neutrino oscillations pointing to-
wards non-vanishing neutrino masses, has rendered the flavour puzzle even
more exciting. Nonzero neutrino masses are evidence of physics beyond the
Standard Model and have profound implications in the physics of the leptonic
sector[1] . Indeed this opens the possibility of having leptonic CP violation
both at low and high energies.
The dynamical generation of the Baryon Asymmetry of the Universe
(BAU) is also a fundamental challenge both for particle physics and cos-
mology. It has been established that CP violation present in the Standard
Model (SM) through the Kobayashi-Mashawa mechanism, is not sufficient to
generate the observed BAU [2]. As a result, the need for a viable baryogene-
sis provides the strongest argument in favour of the existence of new sources
of CP violation. Leptogenesis [3] is one of the most elegant and plausible
scenarios for generation of BAU, specially due to the recent experimental
evidence for a non-vanishing mass for neutrinos.
The availability of increasingly more precise knowledge of the mixing
matrices both in the quark and lepton sectors constitutes a great challenge
to flavour models.
At present all experimental data on flavour physics and CP violation in
the quark sector are in agreement with the SM and its KM mechanism. This
is a remarkable success, since it is achieved with a relatively small number of
parameters. Once the experimental values of |Vus|, |Vcb| and |Vub| are used to
fix the angles θ12, θ23 and θ13 of the standard parametrization, one has to fit
with a single parameter δ13, the experimental values of ǫK , sin(2β), ∆MBd ,
as well as ∆MBs and α.
Recently a precise measurement of the angle β [4] [5] [6] [7] has been
achieved together with the recent measurement of the rephasing invariant
angles γ [8] [9] [10] [11] [12] and α [13], [14] [15] [16] and the measurement
of B0s–B¯
0
s mixing [17] [18]. These recent measurements will be improved in
the future. The angle γ plays a crucial roˆle in providing irrefutable evidence
for a complex CKM matrix [19] all these measurements place constraints on
the size of New Physics contributions [20] [21] [22] [23] [24] [25].
Furthermore the BaBar and Belle experiments have recently presented
evidence for D0–D¯0 mixing [26] [27] with no hint for new physics [28], at
least not yet [29] [30] [31].
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In spite of the impressive results on flavour physics and CP violation in
the quark sector there is still plenty of room for the presence of New Physics.
Furthermore it has been observed [32] that the size of |Vub| is somewhat above
the range favoured by the measurement of sin(β). Another small discrepancy
is the fact that the central value of the SM prediction [33] [34] for the inclusive
radiative B¯ → Xsγ decay, with B¯ = B¯
0 or B−, is now more than 1σ [35]
below the experimental average [36] [37] [38] [39].
In what follows we describe how the presence of an isosinglet vector-like
quark which mixes with the standard quarks can render viable a particularly
interesting four texture zero ansatz which has been recently ruled out by
experiment [40].
Isosinglet vector-like quarks play a roˆle very similar to righthanded sin-
glet neutrinos in the leptonic sector in the seesaw framework [41] [42] [43]
[44] [45]. Models with vectorial isosinglet quarks together with righthanded
singlet neutrinos and an extra complex singlet Higgs field allow for a common
origin for all CP violations [46] [47] [48] including the possibility of leptoge-
nesis. Furthermore, these models provide a possible solution to the strong
CP problem [49] [50] of the type proposed by Nelson [51] [52] and Barr [53]
as was previously shown [54]. Isosinglet quarks give rise to deviations from
unitarity of the VCKM matrix and Z flavour changing neutral currents [55]
[56] [57] [58] [59] [60] producing new physics effects which may be observed
in the LHC in the near future [61].
2 Four Zero Hermitian Ansatz embedded into
a Model with One Down Vectorial Quark
In our work we considered a specially interesting four zero Hermitian ansatz
which had been analysed in detail in the literature [62] [63] [64] where the
quark mass matrices Mu, Md are assumed to have the form:
Mu = λu K
†
u

 0 au 0au bu cu
0 cu 1− bu

 Ku ; Md = λd

 0 ad 0ad bd cd
0 cd 1− bd


(1)
with Ku = diag(e
iφ1 , 1, eiφ3) and all other parameters real.
The Hermitian matrices given by Eq. (1) give rise to leading order to the
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well known texture zero relations[65] [66] [67] [64]:
∣∣∣∣VubVcb
∣∣∣∣ =
√
mu
mc
∣∣∣∣VtdVts
∣∣∣∣ =
√
md
ms
|Vus| =
∣∣∣∣∣
√
md
ms
eiφ1 −
√
mu
mc
∣∣∣∣∣ (2)
The requirement of Hermiticity is important in order to render texture zero
ansa¨tze predictive, it was shown [68] that without this requirement several
interesting zero textures would simply correspond to a choice of weak basis.
It was already pointed out before [64] that the relation obtained for
|Vub| / |Vcb| strongly disfavoured this ansatz due to the smallness of the ratio√
mu
mc
. In the meantime the experimental value [32] for |Vub| went up signif-
icantly and this constraint became even more stringent. The determination
of the ratio |Vtd| / |Vts| has been significantly improved and is theoretically
clean, its present value [32] lies below the ratio
√
md
ms
therefore also disfavour-
ing this ansatz. Another source of difficulties lies in sin 2β since ansa¨tze such
like the one we are considering have no non-factorizable phases and therefore
produce too small values [69] for the angle β. Furthermore in the framework
of this ansatz the value of γ is very constrained and tends towards too large
a value which may be ruled out once the experimental errors are reduced.
The difficulty in accommodating β and the ratio |Vtd| / |Vts| could be
avoided by assuming that there are new physics contributions to B0d–B¯
0
d and
B0s–B¯
0
s mixings. However the remaining difficulties with the extraction of
|Vub| / |Vcb| and γ would not be solved since they are unaffected by the pres-
ence of new physics in the mixing.
In order to overcome these problems we embedded the above ansatz into
an extension of the SM with one additional Q = −1/3 isosinglet vector-
like quark. Therefore we analysed the larger ansatz obtained with the same
choice for Mu and Md placed in the new 4× 4 down quark matrixMd in the
following way:
Md =


| 0
Md | 0
| 0
− − − | −
MD | H


(3)
With only one extra vectorial quark MD is a 1 × 3 matrix and H a single
entry. Since the mass terms MD, H are SU(2) × U(1) invariant they can
be much larger than the electroweak scale. We may assume that there is a
family symmetry which leads to the four texture zero ansatz, in the 3 × 3
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quark mass matrices involving standard quarks which is softly broken by the
terms MD and H . The matrix Md is diagonalized by the usual bi-unitary
transformation:
U †LMdUR =
(
m 0
0 M
)
(4)
where m = diag (md, ms, mb) andM is the heavy quark mass. One can write
UL in block form,
UL =
(
K R
S T
)
(5)
where K is the usual 3× 3 VCKM matrix. UL is the matrix that diagonalizes
MdM
†
d, and the following relations can be readily derived [54] in the limit
MD, H >> O(Md)
M
2
≃ (MDMD
† +H2) ≡ M2 (6)
m2 ≃ K†meffm
†
effK (7)
with
meffm
†
eff ≃MdMd
† −
(MdMD
†MD Md
†)
M2
(8)
Note that K is the mixing matrix connecting standard quarks and has small
deviations from unitarity given by K†K = 1− S†S, with:
S ≃ −
MDM
†
dK
M2
(
1 +
m2
M2
)
(9)
It is the fact that second term in Eq. (8) may be of a magnitude similar
to that of MdMd
† that makes it possible to rescue the four texture ansatz
discussed before.
The present experimental data can be well reproduced [70], [64] from the
following Froggatt-Nielsen pattern [71] for meff :
meff ∼ mb

 0 ε
3 ε4
ε3 ε2 ε2
ε4 ε2 1

 , (10)
with ε ≃ 0.2 together with a similar pattern for the up sector. However due
to the different hierarchies of the quark mass matrices the VCKM matrix is
specially sensitive to the down sector and we can still reproduce the present
experimental data with the form chosen for Mu in Eq. (1).
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The specific patterns in terms of ε chosen forMd in order to render viable
this Yukawa texture are discussed in our original work [40] where a numerical
example can also be found.
We would like to stress the important fact that a sizeable effect inmeffm
†
eff
can be obtained even in the limit of an extremely heavy vectorial quark. For
MDM
†
D and H
2 of the same order of magnitude Eqs. (8) and (9) show that
the desired effect can be obtained in meffm
†
eff and at the same time, devi-
ations from unitarity of the 3 × 3 VCKM matrix are suppressed due to the
smallness of the entries in S.
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